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Abstract
The genus Edalorhina consists of two species of small forest-floor frogs inhabiting the
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Amazon basin. The tadpole of Edalorhina perezi, the most widely distributed species,
was previously described based on a single and early stage (Gosner 25) individual.
Herein, we provide a description of the tadpole in Gosner stages 35–36 including
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internal morphology data (i.e., buccopharyngeal cavity and larval skeleton) based on
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samples from two populations from Ecuador. Edalorhina shares a generalized mor-
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phology with most members of its closely related taxa; however, it is distinguished
from the other species by having an almost terminal oral disc. The presence of a dextral vent tube is considered a synapomorphy for the clade consisting of Edalorhina,
Engystomops, and Physalaemus. Within this clade, the combination of two lingual
papillae, a filiform median ridge, and the lack of buccal roof papillae are diagnostic of
E. perezi and putative autapomorphies of Edalorhina. Chondrocranial anatomy provides characteristics, that is, presence of and uniquely shaped processus pseudopterygoideus and cartilago suprarostralis with corpora and alae joined by dorsal and
ventral connections that readily differentiates the genus from other Leiuperinae.
KEYWORDS

larval SEM, Leiuperinae, systematics
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I N T RO DU CT I O N

can vary depending of the method employed on the same data set.
Edalorhina was recovered closely related to Engystomops in parsimony

The genus Edalorhina consists of two described species of small forest-

analyses whereas in Bayesian analyses Edalorhina was the sister group to

floor frogs inhabiting the Amazon basin: Edalorhina perezi and Edalorhina

the clade consisting of Physalaemus and Engystomops (Faivovich

nasuta. E. perezi is widely distributed, occurring in Ecuador and Peru,

et al., 2012; Jetz & Pyron, 2018; Lourenço et al., 2015; Pyron &

between 200 m and 1,100 m on the eastern Andes slopes, extreme

Wiens, 2011; Veiga-Menoncello et al., 2014). These three genera,

southern Colombia, and surrounding areas of Brazil (Duellman &

together with Pleurodema and Pseudopaludicola are placed in the subfam-

Morales, 1990; Frost, 2019), whereas E. nasuta is currently known from

ily Leiuperinae (Pyron & Wiens, 2011; Figure 1).

the Departments of Pasco and Huanuco in Peru (Dunn, 1949). Edalorhina

Leiuperinae has complex and diverse life history modes. Most

perezi is a foam-nest builder that lays eggs on lentic water bodies

species build foam-nests to reproduce; however, Pseudopaludicola and

(Duellman & Morales, 1990; Schlüter, 1990). The species was reported to

some species of Pleurodema do not (Barrio, 1954; Faivovich

be diurnal and the males call solitarily with no aggregations of breeding

et al., 2012; Giaretta & Facure, 2009; Weigandt, Úbeda, &

individuals (Aichinger, 1987; Duellman & Morales, 1990; Schlüter, 1990).

Díaz, 2004). These reproductive patterns are usually associated with a

A close relationship of Edalorhina with Physalaemus and Engystomops

peculiar larval diversity (Kolenc, Borteiro, Baldo, Ferraro, &

was recovered in recent phylogenetic analyses; however, relationships

Prigioni, 2009; Ruggeri & Weber, 2012; Vera Candioti et al., 2011).

Journal of Morphology. 2021;282:115–126.
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extranarial distance (EnD), extraorbital distance (EoD), eye diameter
(ED), eye-nostril distance (END), intranarial distance (InD), intraorbital
distance (IoD), maximum body height (MBH), maximum body width
(MBW), narial diameter (ND), oral disc width (ODW), snout-nostril distance (SND), snout-spiracle distance (SSD), and spiracle-posterior
body distance (SPD) (sensu Lavilla & Scrocchi, 1986); and dorsal fin
height (DFH) and ventral fin height (VFH) (sensu Grosjean, 2005). In
addition, we also included the dorsal fin insertion angle (DFIA, follows
F I G U R E 1 (a) Topological summary at generic level of current
phylogenetic relationships of the subfamily Leiuperinae (sensu
Pyron & Wiens, 2011; Lourenço et al., 2015; Jetz & Pyron, 2018),
highlighting the subclade formed by Edalorhina, Engystomops, and
Physalaemus, (b) alternative topology of this subclade (sensu Faivovich
et al., 2012, Lourenço et al., 2015, Veiga-Menoncello et al., 2014)

Pinheiro, Pezzuti, & Garcia, 2012) and the oral disc angular orientation
(ODAO, follows Altig & Johnston, 1989). All measurements were
taken using an ocular micrometer installed on a Leica® MZ6 stereomicroscope, except for TL which was measured with digital calipers
(0.1 mm accuracy) and DFIA and ODAO which were measured with
the aid of the ImageJ v.1.50i software (Rasband, 1997-2018) from
photos taken using a digital camera installed on a Coleman® NSZ

Furthermore, tadpole morphology of this subfamily may also correlate

405 stereomicroscope. Multifocal photographs were taken with a

with phylogenetic arrangements (e.g., the Physalaemus biligonigerus

Leica M205 stereomicroscope and used for illustrations. Some tadpole

group, Lourenço et al., 2015; a subset of the Pleurodema thaul clade,

structures (e.g., oral disc, vent tube, and spiracle) were stained with

Barrasso, Cotichelli, Alcalde, & Basso, 2013), and variation in larval

methylene blue solution (2%) to enhance contrast. Terminology of

morphology was reported even among closely related species

external morphology follows Altig and McDiarmid (1999a). Measure-

(e.g., Engystomops guayaco and E. petersi; Ron, Coloma, &

ment given in text correspond to range, also see Tables S1–S3. Color-

Cannatella, 2005).

ation description and terminology follows Kohler (2012).

Morphology of Edalorhina perezi tadpoles is poorly known; with

The morphology of the buccopharyngeal cavity is described based

only a brief description of its external morphology from populations in

on two tadpoles at stage 34 (QCAZ 37853). Specimens were dis-

Peru (Schlüter, 1990). Herein, we provide a detailed and full descrip-

sected following Wassersug (1976) to separate buccal roof and floor.

tion of the tadpole of E. perezi, including its internal oral morphology

One specimen was processed for scanning electron microscope (SEM)

and chondrocranial anatomy. Furthermore, we compare the data for

as follows: three 10 min washes with 0.1 mol/L phosphate buffer,

E. perezi with available data for the closely related genera Physalaemus

postfixed for 1 hr in a 1% solution of osmium tetroxide rt, three

and Engystomops and with other Leiuperinae.

10 min washes in 0.1 mol/L phosphate buffer were repeated, a 20 min
wash with 1% tannic acid, three 10 min washes in 0.1 mol/L phosphate buffer again, 1 hr in a 1% solution of osmium tetroxide rt again,

2

|

MATERIAL AND METHODS

and three 10 min washes in distilled water. Subsequently, the samples
were dehydrated using 10 min changes of the following graded etha-

We analyzed samples from two populations of E. perezi Jiménez de la

nol series: two 35, two 50, two 70, two 85, two 95, and three 100%

Espada, 1871 tadpoles from Ecuador. Specimens are stored at the

changes. The samples were critical point dried in CO2, mounted on

Museo de Zoología de la Pontificia Universidad Católica del Ecuador

aluminum stubs, and sputter coated with 10 nm of gold/palladium.

(QCAZ). The first lot (QCAZ 19141, n = 10) was collected in the

We used a Quanta 200 SEM at 15 kV to study the samples and take

Parque Nacional Yasuní, Orellana Province (01 060 S, 75 480 W; datum

images. The terminology used follows Wassersug (1976, 1980).

WGS84), and the second lot (QCAZ 37853, n = 5) came from Campo

Descriptions of the chondrocranial and hyobranchial apparatus

Villano, Pastaza Province (01 300 S, 77 480 W; datum WGS84). Tad-

are based on two tadpoles at stages 34 and 35 (QCAZ 19141). Speci-

poles identity was confirmed by raising tadpoles through metamor-

mens were cleared and double-stained for bone and cartilage follow-

phosis. Additionally, we included a single larval skeleton of E. perezi

ing protocol of Dingerkus and Uhler (1977). Twenty measurements



0

from Manu National Park, Madre de Dios Province, Peru (12 02 S,

were taken: chondrocranium total length (CTL), chondrocranium maxi-

71 430 W; datum WGS84), stored at National Museum of Natural His-

mum width (CMW), chondrocranium maximum height (CMH), cornua

tory, Smithsonian Institution (USNM 342752).

trabeculae length (CTrL), otic capsule length (OCL), otic capsule width

Measurements and analysis of external morphology were based

(OCW), otic capsule height (OCH), planum trabecularum length (PTrL)

on 15 tadpoles (stages 31 to 39; following Gosner, 1960). Larval

and

description was based on three tadpoles at stages 35–36 (QCAZ

Rosset, 2003); cornua trabeculae maximum width (CTMW), pars

planum

trabecularum

width

(PTrW)

(sensu

Alcalde

&

19141). The following measurements were taking: body length (BL),

articularis quadrati length (PAQL), pars articularis quadrati width

maximum tail height (MTH), tail length (TaL), tail muscle height (TMH),

(PAQW), cartilago meckeli length (CML), cartilago meckeli width

tail muscle width (TMW), and total length (TL) (sensu Altig &

(CMW), cartilago infrarostralis length (CIL), cartilago infrarostralis width

McDiarmid, 1999a); body width at eye level (BWE), body width at

(CIW), cartilago meckeli angle relative to the main body axis (CMA),

nostril level (BWN), width of the dorsal gap of the oral disc (DGO),

and angle of cartilago infrarostralis relative to the main body axis (CIA)
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(sensu Alcalde, Candioti, Kolenc, Borteiro, & Baldo, 2011); and

(MBH/MBW = 0.70–0.74), ventral contour of body convex at peri-

processus anterior hyalis length (PAHL) and processus anterolateralis

branchial region and flat to slightly convex on abdominal region, body

hyalis length (PAlHL) (sensu Haas, 2003). All measurements were

wall with a constriction at level of spiracle. Body length about 45% of

taken using an ocular micrometer installed on a Leica® MZ6 stereomi-

total length (BL/TL = 0.44–0.46), maximum body width at middle third

croscope, except for MCA, IA, PAHL, and PAlHL which were

of the body and maximum body height at posterior third. Snout trun-

measured with the aid of the ImageJ v.1.50i software (Rasband,

cated in dorsal view and rounded to slightly acuminate in lateral view

1997-2018) from photos taken using a digital camera installed on a

(Figure 2a–c). Eyes located dorsally and directed dorsolateral; rep-

Coleman® NSZ 405 stereomicroscope. Illustrations were made using

resenting nearly 50% of intraorbital distance (ED/IoD = 0.47–0.56).

a Leica MZ6 stereomicroscope with a camera-lucida attachment and

Nostrils dorsal and directed dorsolateral, external opening circular,

later editing in Adobe Photoshop® software. Terminology follows

surrounded by a continuous and light marginal rim (Figure 2b); each

Larson and de Sá (1998) and Cannatella (1999).

nostril representing about 23% of intranarial distance (ND/InD = 0.20–

Character optimization was accomplished using the parsimony

29), 4% of maximum body width (ND/MBW = 0.04–0.05), and located

algorithm in Mesquite 3.20 (Maddison & Maddison, 2016). The coding

closer to snout than eyes (END/SND = 1.18–1.40). Oral disc about

of character from the other species of Leiuperinae we done from liter-

36% of maximum body width (ODW/MBW = 0.35–0.38), almost ter-

ature (see Discussion).

minal (ODAO = 46.2 –55.0 ), and laterally emarginated (Figure 2h).
Labium bears a single row of marginal papillae (13 papillae/mm),
with a wide gap on upper labium (DGO/ODW = 0.67–0.75). Papillae

3

RESULTS

|

overall conical, elongated (i.e., length greater than basal width), with
rounded tips, bases slightly offset and directed in alternating direc-

3.1

|

External morphology

tions on lower labium. Lateral papillae on lower labium may be poorly
differentiated. Few submarginal papillae (2–3) found laterally on lower

Total length ranged from 27.6 to 29.7 mm (stages 35–36, n = 3). Body

labium. Labial tooth row formula (LTRF) 2(2)/3(1); length of each row:

elliptical in dorsal and lateral views (MBW/BL = 0.63–0.66), depressed

A1 = A2 > P1 = P2 > P3. P1 and P2 rows length about 90% of anterior

F I G U R E 2 Tadpole of Edalorhina perezi at stage 36 (QCAZ 19141). (a) Lateral, (b) dorsal, and (c) ventral views (scale bar = 3 mm); (d) narial
opening, (e) spiracle in lateral view, (f) vent tube in lateral and (g) in ventral views, and (h) oral disc (scale bar = 0.5 mm)
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rows. P3 row length 70% of other posterior rows. A2 and P1 with

suffusion. Tail musculature Cinnamon-Drab (50) densely covered with

medial gaps (about 30% of A2 length and 10% of P1 length, respec-

irregular shaped melanophores. Fins translucent with few dark mark-

tively; Figure 3d). Jaw sheaths pigmented; upper jaw sheath arc-

ings forming a reticular pattern, particularly close to tail musculature.

shaped and finely serrated (about 48 serrations/mm), serrations
straight medially; lower jaw sheath broad V-shaped and finely serrated
(about 45 serrations/mm), serrations dorsally oriented. Spiracle sinis-

3.1.1

|

Intraspecific variation

tral, located below body midline, opening on middle third of body
(SPD/SSD = 0.64–0.70), and directed posterodorsally, forming an

Body shape showed subtle variations in lateral view, from elliptical to

angle of 25 with longitudinal body axis; inner wall present as a

oval, as well as slight variation on arching of the fins (Figure 3a). Lot

slight ridge (i.e., mostly fused with the body) and external wall ends

QCAZ 37853 showed some consistent differences: (a) marginal rim of

anterior to insertion of inner wall (Figure 2e). Vent tube about equal in

the narial opening with a medially small cutaneous projection

length and width, right wall displaced more dorsally and anteriorly

(Figure 3c); (b) vent tube with the right and left walls attached at same

than left wall, which is attached directly to fin margin, resulting in a

level, directly to fin margin; and (c) in three specimens (stages 34 and

large dextral opening; margin of aperture smooth (Figure 2f,g). Tail

38), the P1 labial tooth row had no gap, resulting in a LTRF 2(2)/3

length 55% of total length (TaL/TL = 0.54–0.55), maximum height

(Figure 3e).

greater than body height (MBH/MTH = 0.86–0.93), highest on first
third of tail. Tail tip rounded. Tail musculature maximum height less
than half of tail maximum height (TMH/MTH = 0.35–0.39), becoming

3.2

Buccopharyngeal cavity

|

progressively thinner posteriorly and extending to tail tip. Myosepta
distinct anteriorly and partially visible on posterior half of tail. Dorsal

3.2.1

|

Buccal roof

fin height less than half the tail height (DFH/MTH = 0.32–0.33) and
slightly lower than ventral fin (VFH/DFH = 1.05–1.09). Dorsal fin




Buccal roof diamond-shaped, longer than wide (buccal roof length/

beginning at body-tail junction (DFIA = 5.39 –11.3 ) with an overall

width about 1.4) (Figure 4a–c). Prenarial arena wider than long (pre-

convex contour; maximum height at first third of tail. Ventral fin

narial arena length/width about 0.54), with a transversal and slightly

beginning at the base of the tail, its origin concealed by vent tube and

arc-shaped ridge formed by 3–4 broad papillae; ridge closer to jaw

convex contour; maximum height at middle third of the tail (for mea-

sheath than to choanae. Each papilla bears 4–8 pustules terminally.

surement raw data, see Table S3).

Additionally, one pustule occurs on each side and posterolateral to

In preservative, body dorsum and flanks coloration mostly Cinna-

ridge. Choanae elongated, slight arched and slit-shaped, located about

mon Brown (43), translucent; skin with filiform/stellate shaped mela-

20% the distance from jaw sheath to esophagus; maximum choanae

nophores forming a reticulated pattern. Venter Beige (254),

length about 20% and internarial distance about 8% of maximum buc-

translucent, with no melanophores, lateral surfaces light brown

cal roof width. Each choana oriented about 20 angle relative the

F I G U R E 3 Tadpoles of Edalorhina perezi showing (a) the body shape and arched degree of the fins variations in lateral view (scale
bar = 3 mm); (b) narial opening circular without and (c) with a medially small cutaneous projection (scale bar = 0.3 mm); (d) oral apparatus with a
gap on P1 tooth row and (e) with no gap (scale bar = 0.5 mm; QCAZ 19141, 37853)
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F I G U R E 4 Scanning electron photomicrographs of the buccal roof (a–c) and floor (d–f) of Edalorhina perezi tadpole (stage 34; QCAZ 37853;
scale bar = 1 mm). BFA, buccal floor arena; bp, buccal pockets; BRA, buccal roof arena; ch, choana; dv, dorsal velum; g, glottis; gz, glandular zone;
ifp, infralabial papillae; lp, lingual papillae; lrp, lateral ridge papillae; mr, median ridge; nv, narial valve; pa, papillae; pp, postnarial papillae; pu,
pustules; r, ridge; vv, ventral velum

transverse plane; anterior narial wall low and thin, with 15–16 pus-

papillae. Median ridge located about 35% of distance from jaw sheath

tules distributed along its length, less dense on its lateral half, which

to esophagus, filiform (width/length about 0.70), with 5–6 secondary

are inclined toward the narial opening. Posterior wall wider than high,

projections on anterior surface; low papilla located far back on post-

with narial valve extending forward and partially overlapping the

narial arena. One pair of trapezoidal (flap-like) lateral ridge papillae

choanae. Length of postnarial arena about 85% of prenarial arena

with 12–13 secondary projections on its anterior and medial margins,

length; two pairs of postnarial papillae located close the choanae than

located anterolaterally to median ridge, and projecting over postnarial

median ridge, aligned transversally and projecting anteromedially;

papillae. Buccal roof arena (BRA) diamond-shaped, delimited anteri-

medial pair elongated (width/length about 0.45), bearing 8–11 pus-

orly by median ridge and posteriorly by about 18 pustules forming an

tules terminally and reaching the posterior medial wall of choanae.

arc-shaped ridge; no BRA papillae; 48–64 pustules distributed on the

Postnarial papillae and medial ridge delimit a distinct concave post-

BRA, absent on its lateral ends. Glandular zone distinct, arc-shaped,

narial arena; most lateral pair smaller, about 1/3 the length of medial

medial portion narrower than lateral ones; medial portion length

pair, bearing 3–4 pustules terminally and concealed by lateral ridge

equivalent to 10% the buccal roof length; secretory pits distinct,
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fewer laterally. Dorsal velum length equivalent to 5% the buccal roof

40–58 conical BFA papillae mostly distributed in two rows, one row

length, interrupted medially, with 2–5 papillae on its posteromedial

extends medially from the anterior region of buccal pockets to middle

margin; 5–6 pustules found posterior to dorsal velum.

region of BFA, other row extends following the anterior margin of
ventral velum, toward the BFA posterior region; most papillae of first
row with bifurcated tips. Moreover, 5–6 papillae scattered posteriorly

3.2.2

|

Buccal floor

on BFA and 4–6 small papillae arranged obliquely forming a row on
each side of anterior portion of the BFA, bordering medially by 2–4

Buccal floor triangular-shaped, slightly wider than long (buccal floor

pustules. Buccal pockets transversally oriented, width of each of them

length/width about 0.8) (Figure 4d–f). Two pairs of similar-sized

about 20% of buccal floor width, arc-shaped slits; four to five conical

infralabial papillae; first pair hand-shaped and located anterolaterally,

pre-pocket papillae. Ventral velum length equivalent to 3% of buccal



with 8–12 secondary projections terminally, located almost 45 from

roof length, posterior margin scalloped, with about six distinct small

transverse plane; second posteromedial pair stick-shaped, with 2–3

peaks over gill cavities, peaks about 6% of the buccal roof length, two

pustules terminally, located slightly ventrally to first. Approximately

to four digitiform projections medially; median notch slightly evident

15 pustules anterior to first infralabial pair, located at the level of the

and projected dorsally. No secretory pits. Spicular support conspicu-

cartilago infrarostralis. Lingual anlage bears two finger-like lingual

ous; spicular length about 20% of buccal floor length. Glottis partially

papillae with bifurcated tips. Buccal floor arena (BFA) hexagonal, with

visible.

F I G U R E 5 Skeleton of Edalorhina perezi tadpole at stage 35 (QCAZ 19141; scale bar = 5 mm). Chondrocranium in (a) dorsal, (b) ventral, and
(c) lateral views; (d) hyobranchial apparatus in ventral view (scale bar = 5 mm). Bb, basihyal; cbI–cbIV, ceratobranchial I–IV; ch, ceratohyalia; cp,
crista parotica; ct, cornua trabeculae; fcp, foramen craniopalatinum; fj, foramen jugulare; fo, fenestra ovalis; fom, foramen oculomotorium; fon, foramen
orbitonasalis; fop, foramen opticum; fpc, foramen caroticum primarium; fpi, foramen perilymphaticum inferior; fpo, foramen prooticum; hbp,
hypobranchial plate; ci, cartilago infrarostralis; cm, cartilago meckeli; oc, otic capsule; pa, processus antorbitalis; pab, processus anterior branchialis;
pah, processus anterior hyalis; ph, processus hyoquadrati; palh, processus anterolateralis hyalis; pmq, processus muscularis quadrati; ppp, processus
pseudopterygoideus; pq, palatoquadrate; pqe, processus quadratoethmoidalis; pr, par reuniens; pu, processus urobranchialis; s, spicule; sr, suprarostral
cartilage; ts, tectum sinoticum; ttm, taenia tecti medialis; ttt, taenia tecti transversalis
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3.3

Chondrocranium and hyobranchial apparatus

|

otic capsule from orbital cartilage, are visible posteriorly on orbital cartilage. Frontoparietal fontanelle bell-shaped, delimited laterally by a

Chondrocranium total length ranged from 6.0 to 6.2 mm (stages

thin taenia tecti marginalis and posteriorly by a tectum synoticum. Tec-

34–35), overall ovoid in dorsal view, with equivalent length and width

tum synoticum length about 8% of chondrocranial length. Posterior

(CMW/CTL = 0.97–1.01), and depressed in lateral view (CMH/

portion of frontoparietal fontanelle with two parietal fenestrae

CMW = 0.33–0.39), highest at level of processus muscularis quadrati

formed by a thin and slight chondrified taenia tecti transversalis and

and widest at medial third of palatoquadrate (Figure 5, Table S3).

taenia tecti medialis.

Otooccipital region

3.3.1

|

Neurocranium

Otic

capsules

quadrangular

(OCW/OCL

=

0.75–0.91;

OCH/

OCW = 0.86–0.94) and 30% of total chondrocranial length (OCL/

Ethmoidal region

CTL = 0.29–0.32). Crista parotica narrow protruding horizontally from

Cartilago suprarostralis tetrapartite and arc-shaped in dorsal view, with

lateral walls of otic capsules, bearing an anterior and small triangular

corpora located between the cornua trabeculae at most anterior end

anterolateral process; no posterolateral process. An ovoid fenestra

of chondrocranium. Corpora connected ventromedially by a thin carti-

ovalis, with width about 10% of chondrocranium total length, located

lage, forming a continuous V-shaped structure in frontal view. Each

ventrolaterally on otic capsule and below crista parotica. Arcus

corpus fused to its respective lateral ala by a broad dorsolateral and a

occipitalis extending posteromedially to otic capsules from basal plate,

thin, ventrolateral, cartilaginous connections. Alae flat, wide, and over-

bearing occipital condyles and forming the medial and ventral margins

all triangular shaped; curving and narrowing posteriorly from the point

of foramen jugulare. A slightly smaller foramen perilymphaticum inferior

of fusion with the corpora. Additionally, a small processus anterior

occurs on ventromedial surface of otic capsules. A notch, representing

dorsalis appears as a medial projection on dorsomedial margin of alae.

about 18% of total chondrocranial length, marks the placement of

No adrostral tissue mass (Figure 6a).

notochord within the basal plate.

Cornua trabeculae extending anteriorly from planum trabecularum
anticum, diverging distally forming a V in dorsal view and representing
about 20% of total chondrocranial length (CTrL/CTL = 0.19–0.20);

3.3.2

|

Visceral components

distal tips flexing downwards in lateral view. Cornua of uniform width
throughout their length and anterior margin straight and syn-

Palatoquadrate

desmotically articulated with suprarostral alae. Processus lateralis tra-

Palatoquadrate relatively wide, expanding posteriorly, and post-

beculae evident. Planum trabecularum anticum wider than long

erolaterally curving slightly upwards to connect with orbital cartilage

(PTAW/PTAL = 1.5–2.3). Tectum nasi with foramen orbitonasalis and

via processus ascendens. Its lateral margin is convex in dorsal view;

slight lamina orbitonasalis.

posterolateral and posterior margin slight basket-shaped in dorsal
view and extending beyond anterior margin of otic capsule. Lateral

Orbitotemporal region

margin of subocular arc smooth. Processus ascendens rod-like, forming

Central area of cranial floor slightly chondrified, with anterior and

an obtuse angle relative to main body axis, curving dorsomedially, and

small foramina craniopalatina and posterior and larger foramina car-

attaching to orbital cartilage posteriorly and below the foramen

otica primaria visible on cranial floor. Orbital cartilages slightly chon-

oculomotorium. Commissura quadratocranialis anterior bears a triangular

drified; a slight smaller foramen opticum, a foramen oculomotorium, and

processus quadratoethmoidalis on its anterior margin, a slight chon-

a largest and crescent moon shaped foramen prooticum, separating the

drified,

elongated,

pointed,

and

medially

curved

processus

F I G U R E 6 Skeleton of Edalorhina perezi tadpoles showing (a) the cartilago suprarostralis in frontal view, (b) cartilago infrarostralis (ci) and
cartilago meckeli (cm) in ventral view, (c) processus pseudopterygoideus in dorsal view, and (d) processus muscularis quadrati (pmq) and antorbitalis
(pa) in dorsal view (scale bar = 5 mm; QCAZ 19141, 37853)
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pseudopterygoideus found on its posterior margin; medial margin of

margin thicker with a small notch terminally, anterior margin out-

this process can be partially fused with orbital cartilage (Figure 6c).

wardly curved.

Processus muscularis quadrati broadly triangular, with its dorsal edge
medially inclined and facing but not fusing with processus antorbitalis

Hyobranchial apparatus

(commissura quadratoorbitalis absent; Figure 6d). Processus hyoquadrati

Ceratohyalia medially flat and oriented perpendicular to main body

subtriangular and found immediately below muscular process. Pars

axis; articular process stout, extending laterodorsally from anterior

articularis quadrati usually wider than long (PAQW/PAQL = 1.0–1.5),

margin

corresponding to 10% of total chondrocranial length (PAQL/

anterolateralis hyalis triangular, with first one larger (PAlHL/

CTL = 0.10–0.12).

PAHL = 0.48–0.60) and last one medially inclined. Processus posterior

(Figure

5d).

Processus

anterior

hyalis

and

processus

hyalis triangular and well-developed. No basihyal. Pars reuniens rectan-

Cartilago meckeli and cartilago infrarostralis

gular and slightly chondrified. Basibranchial longer than wide, with lat-

Cartilago meckeli overall S-shaped in dorsal view, stout, elongated

eral margins slightly convex and with a distinct, short, and overall

(CML/CMW = 0.42–0.44), and oriented at an almost 60 angle rela-

squared shaped processus

tive to main body axis. Processus retroarticularis, dorsomedialis, and

triangular-shaped, articulating synchondrostically medially; posterior

ventromedialis distinct (Figure 6b). Cartilago infrarostralis overall

borders diverging in an inverted U-shape. Branchial baskets formed

wedge-shaped, connect ventromedially, forming a V-shaped structure

by four ceratobranchials, with a few lateral projections that are distally

in anterior view; wider than long (CIW/CIL = 0.48–0.50), dorsolateral

joined by terminal commissurae. Ceratobranchial I continuous with

urobranchialis. Hypobranchial plates

F I G U R E 7 Optimization of medial
(blue) and dextral (red) vent tube on the
topology of the subfamily Leiuperinae
from Jetz and Pyron (2018). Branches in
grey are those for which the character is
unknown for the respective taxa
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hypobranchial plates through a strip of cartilage that bears a triangular

crests, and elongated papillae on eyelids (Dunn, 1949; Lynch, 1971;

and medially inclined processus anterior branchialis. Ceratobranchials II,

Noble, 1931; Parker, 1927), no morphological character has been

III, and IV fused to hypobranchial plates. Ceratobranchials II and III

suggested as synapomorphic for the two species of the genus.

have small processes on their medial margins that are opposite to

Larval external morphology has been described for four of the nine

each other, but are not fused, resulting in an “open” processus bra-

species of Engystomops and for 36 of the 48 known species of

nchialis. Spicules project dorsally from ceratobranchials I, II, and III on

Physalaemus (Table S4). Tadpoles of those genera plus Edalorhina share

the point of attachment with hypobranchial plates. Spicule IV modi-

the overall pattern of a generalized pond morphology, most with

fied in a cartilage plate on proximal margin of ceratobranchial IV.

depressed bodies, dorsal eyes, oral disc with keratinized mouthparts, LTRF
2/3, low fins with rounded or slightly pointed tip, and dorsal fin originating
at or near the body-tail junction; all traits that fit the ecomorphological

3.3.3

|

Intraspecific variation

guild II:A:1 (Altig & Johnston, 1989; McDiarmid & Altig, 1999). Edalorhina
perezi differs from other species in the clade by having an almost terminal

The specimen from Peru (stage 36) differs from the Ecuador samples

oral disc (ventral to anteroventral in other species). An exception would

by presenting a suprarostral cartilage with the corpora separated

be Physalaemus fernandezae, described as having a “sub-terminal oral disc”

medially and absence of a ventrolateral connection between each cor-

(Alcalde, Natale, & Cajade, 2006). However, the larva of this species is

pus and its respective lateral ala.

readily differentiated from E. perezi by having a midventral gap on labium.
Moreover, the LTRF 2(2)/3(1) separates E. perezi from all described
Physalaemus larvae in the P. biligonigerus group (sensu Lourenço

4

|

DISCUSSION

et al., 2015), plus P. centralis (P3 labial tooth row absent in these species;
Rossa-Feres & Jim, 1993; Fabrezi & Vera, 1997; Perotti &

The only larval information about the genus Edalorhina is a brief descrip-

Céspedez, 1999; Nomura, Rossa-Feres, & Prado, 2003; Rossa-Feres &

tion of the tadpole of E. perezi (Schlüter, 1990). The tadpole of its sister

Nonura, 2006; Vera Candioti, 2007; Borteiro & Kolenc, 2007; Schulze,

species, E. nasuta, remains unknow. Altig and McDiarmid (1999b) pro-

Jansen, & Köhler, 2015). A vent tube with dextral opening is found in

vided a descriptive summary of the tadpole external morphology for the

Edalorhina, Engystomops, and most Physalaemus (Table S4). Among

genus based on Schlüter (1990) and De la Riva (1995); however, in De la

Leiuperinae, most Pleurodema and Pseudopaludicola have a medial vent

Riva's work there is no mention of Edalorhina.

tube (Andrade, Ferreira, Takazone, Libório, & Weber, 2018; Barrasso,

The tadpole described by Schlüter (1990) is overall similar to that

Alcalde, Martinazzo, & Basso, 2012; Cei, 1980; Galvani, Gonzalez,

provided herein (Table S4), differing mainly in (a) the orientation of

Sanabria, & Quiroga, 2012; Kher & Schaefer, 2005; Kolenc et al., 2009;

the nostril, dorsolaterally in our sample and anterolaterally in the pre-

Laufer & Barreneche, 2008; Lobo, 1991; Magalh~aes, Loebmann,

vious work, and (b) in the oral disc position, almost terminal in our

Kokubum, Haddad, & Garda, 2014; Pereira & Nascimento, 2004; Schulze

specimens and previously reported as ventral and directed

et al., 2015; Toledo, 2010), a character-state also found in most genera of

anteroventrally. These differences may represent intraspecific varia-

Leptodactylidae (e.g., Almeida & Angulo, 2006; de Sá, Langone, &

tion associated with ontogenetic differences (Schlüter description was

Segalla, 2007; Grosso, 2015; Heyer & Silverstone, 1969; Lamar &

based on a specimen in stage 25). Larval characters for some species

Wild, 1995; Magalh~
aes, Garda, Amado, & de Sá, 2013; Menin, de

can be highly variable in early stages of development and tend to sta-

Almeida, & Kokubum, 2009; Menin, Lima, & Rodrigues, 2010; Mêrces,

bilize in later stages (usually after stage 32; Grosjean, 2005).

Magalhaes, Amado, Junca, & Garda, 2015; Rossa-Feres & Nonura, 2006;

The marginal papillae of the oral disc of E. perezi were described

Schulze et al., 2015; Zaracho & Kokubum, 2017) as well as in many Cen-

as bifurcated (“lips bordered by one row of bifid papillae”;

trolenidae, the sister group of Leptodactylidae (Jetz & Pyron, 2018; for

Schlüter, 1990), a rare feature in anurans (Altig & McDiarmid, 1999a).

centrolenids tadpoles, see Rada et al., 2019 and references therein). When

Furthermore, these marginal papillae were also reported as biserial by

we optimize this character on the phylogeny of Leiuperinae provided by

Altig and McDiarmid (1999b), possibly a reinterpretation of Schlüter's

Jetz and Pyron (2018), the presence of a dextral vent tube emerge as a

description or illustration. In our samples, the oral discs of E. perezi has

synapomorphy of Edalorhina, Engystomops, and Physalaemus (Figure 7).

clearly one row of non-bifid marginal papillae; these papillae may have

Larval buccopharyngeal cavity morphology data are largely miss-

their bases slightly offset and directed in alternating directions on

ing for this clade. Information is available for two species of

lower labium, which could be mistaken for bifid papillae.

Engystomops (E. petersi and E. pustulosus; Wassersug & Heyer, 1988)

The phylogenetic relationships of Edalorhina and Physalaemus (includ-

and for about 50% of the known species of Physalaemus (25 of the

ing Engystomps) are supported by adult morphology (Duellman &

48 species; Table S5). However, some interesting information

Morales, 1990; Dunn, 1949; Lynch, 1971; Parker, 1927) and recent

emerges from the analysis of the available data. E. perezi has a trape-

molecular analyses corroborated this association (Faivovich et al., 2012;

zoidal (flap-like) lateral ridge papillae. A flap-like lateral ridge papillae

Jetz & Pyron, 2018; Lourenço et al., 2015; Pyron & Wiens, 2011; Veiga-

(trapezoidal or triangular) was also reported in Engystomops (Table S5)

Menoncello et al., 2014), recovering a clade consisting of Edalorhina,

and, within Leuperinae, in Pleurodema (Barrasso et al., 2012; Fabrezi &

Physalaemus, and Engystomos. Despite the distinct morphology of adults

Vera, 1997; Wassersug & Heyer, 1988), differing from the bifurcated

of Edalorhina, for example, lack of vomerine teeth, presence of cranial

or trifurcated (chela-shaped) lateral ridge papillae of most Physalaemus
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The larval morphology of E. perezi provides useful systematic information and herein we identified some characters that are diagnostic for
the species and putative autapomorphies for the genus Edalorhina,
such as the presence of two lingual papillae, a filiform median ridge,
and the buccal roof with no papillae on BRA, await confirmation in
the other known species in the genus (E. nasuta) and a comprehensive
phylogenetic analysis of the family Leptodacylidae. The skeleton also
presents some unique characteristics that readily differentiates from
the remaining Leiuperinae, as the presence and peculiar shape of the
processus pseudopterygoideus and a suprarostral cartilage with corpora
and alae joined through dorsal and ventral connections.
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